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1. Stud ies  f o r  determining a frequency of D125C va lues  f o r  spores  i s o l a t e d  from 
spacec ra f t  i n  res idence  a t  Cape Kennedy were continued. 
q u a r t e r ,  145 i s o l a t e s  from the  Jet  Propuls ion  Labora tory ' s  (JPL) spore  a s says  
conducted on Mariner 69 were received from Cape Kennedy. The i s o l a t e s  were 
grown on TAM Sporula t ion  Agar (Difco) Supplemented wi th  20 ppm magnesium sul- 
f a t e  and 80 ppm calcium c h l o r i d e  (Report No. 25). A t o t a l  of 115 spore c rops  
were prepared and t i t e r e d .  
mixed c u l t u r e s ,  o the r  than gram p o s i t i v e  rods ,  o r  d i d  no t  s p o r u l a t e  on TAM. 
Of the  115 crops  prepared,  twelve were d iscarded  because too  few spores  were 
formed f o r  adequate t e s t i n g .  

A s  repor ted  l a s t  

The remainder of t he  145 i s o l a t e s  e i t h e r  were 

A mul t ip l e  r e p l i c a t e  u n i t  t e s t i n g  system was conducted i n  the  fol lowing 
manner. For each spore crop,  eac) of 33 s t e  i l e  1 / 2  x 1/2"  s t a i n l e s s  steel  
s t r i p s  was inocula ted  wi th  5 x 10 t o  5 x 10 spores  (suspended i n  e thanol )  
us ing  a dropper p i p e t t e  (Report No. 25). The t e s t  s t r i p s  were he ld  under 
vacuum over s i l i c a  g e l  f o r  16 hours p r i o r  t o  assay .  Three unheated s t r i p s  
inoculated wi th  each suspension were processed i n  the  s tandard manner (Report 
No. 19) and p la ted  i n  t r i p l i c a t e  wi th  Trypt icase  Soy Agar (TSA) supplemented 
wi th  0.1% so lub le  s t a r c h  and 0.2% y e a s t  e x t r a c t  (Report No. 25) i n  o rde r  t o  
o b t a i n  No (cont ro l )  va lues .  
q u i n t u p l i c a t e  s e t s  i n  the  modified 125 C forced a i r  oven (Report No. 25). 
S e t s  were removed a t  40 minute i n t e r v a l s  (e.g., 0, 40, 80, 120, 160 and 200) 
and allowed t o  cool  t o  room temperature (2 min.) i n  a h o r i z o n t a l  laminar flow 
cab ine t .  S t r i p s  were then removed from t h e i r  hangers and placed i n  tubes of 
TSA-B (broth made according t o  the  formula of TSA minus aga r  and supplemented 
wi th  0.1% s o l u b l e  s t a r c h  and 0.2% y e a s t  e x t r a c t ) .  V i s i b l e  growth i n  the  tubes 
was recorded a f t e r  a maximum incubat ion  of 2 weeks a t  32 C. D125C va lues  were 
ca l cu la t ed  from f r a c t i o n a l - r e p l i c a t e - u n i t - n e g a t i v e  (FN) d a t a  us ing  a most 
probable number (MPN) technique descr ibed  by P f lug  and Schmidt (Pflug, I. J.) 
and C. F. Schmidt. Thermal d e s t r u c t i o n  of microorganisms. In :  D i s in fec t ion ,  
S t e r i l i z a t i o n ,  and Preserva t ion .  
Febiger ,  Ph i l ade lph ia ,  1968, p. 63-105). 
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The remaining 30 s t r i p s  were suspended i n  6 

C. A.  Lawrence and S. S.  BGck, Lea and 

Pre l iminary  t e s t s  were conducted t o  compare No va lues  based on colony counts  
from pour p l a t e s  (supplemented TSA) and those  based on a n  MPN system (supple- 
mented TSA-B) @ Decimal d i l u t i o n s  were prepared from inocula ted  s t r i p s  and 
p l a t ed  wi th  the  s o l i d  medium. 
were p ipe t t ed  i n t o  f i v e  tubes of TSA-B. P l a t e s  and tubes  were incubated a t  
32 C. The r e s u l t s  of f i v e  t r ia l s  (Table 1) showed t h a t  t he re  were no marked 
d i f f e r e n c e s  i n  spore  counts  between the  two methods. 

I n  a d d i t i o n  1 - m l  po r t ions  of  each d i l u t i o n  

Another s e r i e s  of p a r a l l e l  t e s t s  was performed i n  o rde r  t o  compare D125c 
va lues  obtained by both a s say  methods. 
s u b t i l i s  va r .  n ige r  i n  95% e thano l  (BgHA, "old" s tandard  crop) .  Pour p l a t e s  
were prepared i n  t h e  usua l  fash ion  (Report No. 19) us ing  supplemented TSA. 
D125C 
surv lvor  po in t s .  The FN-MPN system was used a s  descr ibed  above. R e s u l t s  of 
t h r e e  t r i a l s  a r e  shown i n  Table  2. 
'PN-MPN system could have been due t o  f a c t o r s  i n h e r e n t  i n  t h e  c a l c u l a t i o n s  
involved and/or  a c t u a l  increased  recovery of hea t - in ju red  spores  by t h e  
l i q u i d  system. 
made dur ing  t h e  next q u a r t e r .  

The spores  employed were B a c i l l u s  

va lues  were determined from the  s lopes  of b e s t - f i t  l i n e s  through 

The h ighe r  D125c va lues  obtained by the  

A t t e m p t s  t o  resolve the  inconsistencies in t hese  d a t a  will be 



Figure  1 shows the  frequency d i s t r i b u t i o n  of D125c va lues  obtained f o r  t he  
103 spore  i s o l a t e s  from the  Mariner 69 spacec ra f t .  The va lues  ranged f r o  
l e s s  than  5 minutes t o  a maximum of 58 minutes.  The spore l e v e l  on t h e  
Mariner 69 was approximately 1 x lo4  (R. H. Green, J e t  Propuls ion  Laboratory,  
personal  communication). Assumming t h a t  the  spore popula t ion  on the  space- 
c r a f t  had t h i s  frequency d i s t r i b u t i o n  of D125C va lues ,  t he  s u r v i v a l  curve of 
t h i s  populat ion a t  125 C would be as shown i n  F igure  2. 
t hese  D p 5 c  va lues  a s  t he  b a s i s  of a s t e r i l i z a t i o n  cyc le  would not  be r e a l i s - .  
t i c  i n  the  sense t h a t  t h e  s lope  of  t he  spore popula t ion ' s  s u r v i v a l  curve i s  
determined almost exc lus ive ly  by those organisms which have a high degree of 
r e s i s t a n c e  t o  dry  h e a t ,  even though they r e p r e s e n t  a smal l  po r t ion  of t h e  
populat ion.  

Using the  mean of 

It i s  emphasized t h a t  t hese  d a t a  should be considered " r e l a t i v e "  and n o t  
"absolute".  It has been shown previous ly  t h a t  t h e  subcu l tu r ing  of n a t u r a l l y  
occurr ing  spores  r e s u l t s  i n  a s i g n i f i c a n t  loss of d ry  h e a t  r e s i s t a n c e .  
though the  exac t  reasons f o r  t h i s  phenomenon a r e  no t  f u l l y  understood a t  t he  
p re sen t  time, t he  composition of the  spo ru la t ion  medium obviously a f f e c t s  t he  
degree of d r y  h e a t  r e s i s t a n c e  obtained wi th  a p a r t i c u l a r  spore crop.  Natural-  
l y  occurr ing  spores  l o s e  a s i g n i f i c a n t  degree of d r y  h e a t  r e s i s t a n c e  when 
sporu la ted  on the  TAM sporu la t ion  aga r .  However, i t  appears  t h a t  t he  l i q u i d  
medium of Lazza r in i  and Santangelo (SSM-10) (Report No. 25), which was used 
by the  J e t  Propuls ion  Laboratory (R. H. Green, personal  communication) with 
the  same Mariner 69 i s o l a t e s ,  i s  one i n  which t h i s  loss of r e s i s t a n c e  does 
no t  occur t o  the  same degree.  Consequently, i t  may be specula ted  t h a t  t he  
frequency d i s t r i b u t i o n  of D125C va lues  of t hese  spore  i s o l a t e s  w i l l  more 
c l o s e l y  r e f l e c t  t h e  a c t u a l  d r y  h e a t  r e s i s t a n c e  of t he  spores  p r i o r  t o  sub- 
c u l t u r e .  S tud ie s  w i l l  be conducted dur ing  the  next  q u a r t e r  t o  compare d r y  
h e a t  r e s i s t a n c e s  of n a t u r a l l y  occurr ing  spores  and the  same popula t ions  
subcul tured using the  SSM-10 medium. 

A l -  

2. A t  t he  r eques t  of t he  P lane ta ry  Quarantine Of f i ce r  s t u d i e s  were i n i t i a t e d  i n  
March t o  determine whether v i r u s e s  could be recovered from space hardware. 
Spec i f ied  su r faces  of Apollo s p a c e c r a f t  were sampled using moistened swabs. 
Swabs from 32 a r e a s ,  divided among fou r  tubes,  c o n s t i t u t e d  one sample. The 
swabs were placed i n  Basal Medium Eagles con ta in ing  1% c a l f  serum, double 
s t r e n g t h  a n t i b i o t i c s  and 0.5% g e l a t i n .  These were f rozen  immediately on dry  
i c e  and kep t  f rozen  during-shipment  t o  t h e  Phoenix.Laboratories.where they 
were processed by the  Microbiology Unit  of t he  Disease I n v e s t i g a t i o n s  Sec t ion .  
The swabs were thawed, insonated f o r  2 minutes and e i t h e r  inocula ted  onto  
t i s s u e  c u l t u r e s  o r  s to red  a t  -70 C u n t i l  examined. 

For e n t e r i c  v i r u s e s ,  primary monkey kidney, primary human amnion, continuous 
human embryonic kidney and IIeT,a c e l l  c u l t u r e  systems were used. F ive  pas- 
sages were made i n  each c e l l  c u l t u r e  system and specimens were considered 
negat ive  f o r  v i r u s e s  i f  no cytopathology was ev iden t  by the  f i f t h  passage. 

For upper r e s p i r a t o r y  v i r u s e s ,  cont inuous HEp-2 and WI:38 c e l l  c u l t u r e  
systems were used and fou r  passages were made be fo re  samples were considered 
negat ive  . 
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Samples from the fol lowing s p a c e c r a f t  were examined: 

Apollo 10 - Command Module i n t e r i o r  (swabs taken 3/7/69) 

Apollo 11 - Lunar Module 5, a scen t  i n t e r i o r  (3/28/69) 

Apollo 11 - Command Module i n t e r i o r  (4/11/69) 

Apollo 11 - Command Module 107 (4/28/69) 

Apollo 12 - Lunar Module 6 ,  a s c e n t  i n t e r i o r  (5/9/69) 

Apollo 12 - Lunar Module 6, a s c e n t  i n t e r i o r  (6/9/69) 

To d a t e  no en te rov i ruses  o r  upper r e s p i r a t o r y  v i r u s e s  have been d e t e c t e d .  

3. Data from the i d e n t i f i c a t i o n  of 4,276 ae rob ic  mesophilic microorganisms i s o -  
l a t e d  from the  Apollo 8 and 9 s p a c e c r a f t  a r e  presented i n  Tables 3 and 4. 
Most of the contaminants i s o l a t e d  from t h e  Command Modules (CSM-103 and CSM- 
104) and Lunar Modules (LM-3) were those microorganisms considered t o  be 
indigenous t o  humans u., Staphylococcus spp, and Micrococcus spp.; La.  
89-99%). On t h e  o t h e r  hand, microorganisms a s s o c i a t e d  wi th  s o i l  and d u s t  
(Baci l lus  spp . ,  molds and actinomycetes) were found t o  c o n s t i t u t e  a r e l a t i v e l y  
h igh  percentage of t he  contaminants recovered from the  Instrument Un i t s  (I.U.; - ca.  32%) and t h e  Sa tu rn  S-4B s t a g e  (S-4B; E. 27%). This  marked d i f f e r e n c e  i n  
gene ra l  types of microorganisms de tec t ed  i n  t h e  va r ious  s p a c e c r a f t  components 
could have been due t o  d i f f e r e n c e s  i n  environmental c o n t r o l  p rac t i ced  du r ing  
assembly and t e s t i n g  operat ions.  

The Apollo 10 s p a c e c r a f t  was s tud ied  du r ing  i t s  residency a t  Launch Complex 
39B. The l e v e l s  of microbial  contamination p resen t  on the  CSM-106, I . U . ,  
S-4B, and t h e  Spacecraf t  Lunar Module Adapter (SLA) a r e  presented i n  Table 5. 
Contamination l e v e l s  f o r  t h e  CSM and SLA remained b a s i c a l l y  the  same through- 
o u t  the s tudy period. The i n t e r i  r s u r f a c e s  of t he  SLA were found t o  con ta in  
r e l a t i v e l y  low levels (ca. 200 / f t  ) of microbial  contamination, Although t h e  
l e v e l s  of a e r o b i  

approximately 1 l o g  lower than the  I . U .  and S-4B. 

9 
mesophilic m’icroorganisms were s imilar  among the CSM, I . U .  

and S-4B (ca. 10 E /ft - 2  ), the  concen t r a t ion  of b a c t e r i a l  spores  on the  CSM was 

Table 6 shows t h e  q u a n t i t a t i v e  d a t a  c o l l e c t e d  on the i n t e r i o r  and e x t e r i o r  
su r faces  of t h e  a s c e n t  and descen t  s t a g e s  of  t he  Lunar Module 4 (LM-4). The 
l e v e l s  of microbial  contamination i n  the i n t e r i o r  of the  LM-4 were found t o  
be one l o g  higher  than those i n  the  LM-3 (Report N o .  25) and 1-3 logs  h ighe r  
than the  l e v e l s  de t ec t ed  on the  e x t e r i o r  s u r f a c e s  of t h e  a scen t  and descen t  
s t a g e s  (LM-4). 
volumes of f i l t e r e d  a i r  probably accounted f o r  the r educ t ion  i n  e x t e r i o r  
contamination levels. Th i s  phenomenon a l s o  was observed with t h e  LM-3. 

The continuous purging of t he  e x t e r i o r  s u r f a c e s  with l a r g e  

The percentages of a e r o b i c  spo res  and molds on t h e  i n t e r i o r  s u r f a c e s  of  t h e  
Apollo 10 Command Module (CSM-106), t he  I .U. ,  S-4B and t h e  SLA are shown i n  
Table 7. The I .U.  and S-4B contained s i g n i f i c a n t l y  h i g h e r  levels of a e r o b i c  
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spores  and molds than t h e  CSM, I . U .  and S-4B por t ions  of both Apollo 8 and 9 
(Reports Nos. 24 and 25).  The SLA a l s o  contained a r e l a t i v e l y  high percentage 
of ae rob ic  spores .  
f aces  of t he  LM-4 (Table 8) was lower than those observed on t h e  i n t e r i o r  
s u r f a c e s  of t he  CSM-106. The e x t e r i o r  s u r f a c e s  o f  t he  a s c e n t  and descen t  
s t a g e s  of LM-4 showed a higher  percentage of  spores  than  was observed on t h e  
e x t e r i o r  s u r f a c e s  of LM-3 (Report No.  25). 

S tud ie s  were continued on the  Apollo 11 s p a c e c r a f t .  
contamination of the i n t e r , i o r  s u r f a c e s  of  LM-5 (Table 9) appeared t o  be high- 
e r  than those on LX-3 (Report . 25) and s imilar  t o  those obtained f o r  LM-4. 
Levels  on the e x t e r i o r  ; d i a c e s  of t h e  a s c e n t  and descen t  s t a g e s  were s i m i l a r  
t o  those f o r  LM-4. 

The percentage of spores  and molds on the i n t e r i o r  sur-  

The l e v e l s  of microb ia l  

S tud ie s  were i n i t i a t e d  f o r  the Apollo 1 2  s p a c e c r a f t .  R e s u l t s  of t h e  prelimin- 
a r y  sampling of t h e  Lunar Module 6 (LM-6) a r e  presented i n  Table 10. The 
i n i t i a l  da t a  appear t o  be similar t o  those obtained wi th  LM-5. 

4 .  A t o t a l  of 2,000 b a c t e r i a l  c u l t u r e s  was i s o l a t e d  from t h e  Apollo 10 s p a c e c r a f t ,  
These i s o l a t e s  a r e  being i d e n t i f i e d  and w i l l  be r epor t ed  during t h e  n e x t  
q u a r t e r .  A l l  da ta  generated from t h i s  e f f o r t  w i l l  be s to red  on I B M  c a r d s  and 
u l t i m a t e l y  on t h e  computer a t  Cape Kennedy. P e r t i n e n t  p ro toco l s ,  d a t a  forms, 
shipping procedures were f i n i s h e d .  It i s  est imated t h a t  t he  d a t a  on i s o l a t e s  
from Apollo 11 w i l l  be a v a i l a b l e  i n  complete form t o  NASA headquarters  by 
August 10, 1969. 

5. I n  accordance with a r eques t  from the P l a n e t a r y  Quarantine O f f i c e r ,  t he  Bio- 
s a t e l l i t e  Spacecraf t  (Primate Mission F l i g h t  D) was sampled f o r  mic rob ia l  
contamination one day p r i o r  t o  launch (June 27). 
the  next  q u a r t e r .  

R e s u l t s  w i l l  be r epor t ed  i n  



TABLE 1. COMPARISON OF THE POUR PLATE AND MPN TECHNIQUES FOR ENUMERATING 

SPORES 

1 Spore I s o l a t e  

Number of Spores p e r  S t r i p  

Pour P l a t e  2 E N 3  

6 1.0 x 10 

6 
2.5 x 10 

2 .2  x lo6  

6 1.7 x 10 

‘ 6  1.6 x 10 

5 9.9 x 10 

6 1.4 x 10 

1.7 x lo6  

6 2.3 x 10 

6 2.3 x 10 

Spores were suspended i n  95% e thano l .  

Pour P l a t e :  The medium used was Tryp t i case  Soy Agar (TSA) supplemented 
with 0.1% s o l u b l e  s t a r c h  and 0.2% y e a s t  extract . ,  A l l  pour p l a t e s  were 
overlayed t o  i n h i b i t  spreaders .  Counts were made a f t e r  2 4 ,  48,  and 72 
hours  incubat ion a t  32 C. 

Most-Probable-Number: 
(TSA-B) made according t o  t h e  formula of TSA minus a g a r  and supplemented 
w i t h  0.1% s o l u b l e  s t a r c h  and 0.2% y e a s t . e x t r a c t .  Tubes were incubated 
f o r  2 weeks a t  32 C. 

The medium employed was Tryp t i case  Soy Broth 



TABLE 2. COMPARATIVE I) VALUES FOR BACILLUS SUBTILIS VAR. NIGER 
125C 

USING TWO ASSAY METHODS. 

No (Unheated Control) 

Test Spores per Strip 

2 1.0 x 10 15 24 6 

3 7.2 x 10 15 25.5 6 

D125c values were determined from the best fit line of survivor points 
which were obtained by pour plates using supplemented TSA. 

D125c values were determined from fractional-replicate-unit-negative data 
( see  text;) using TSAmB, 
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TABLE 4. TYPES OF AEROBIC MESOPHILIC MICROORGANISMS ISOLATED FROM THE 

APOLLO 8 SPACECRAFT. 

Microorganisms 

Staphylococcus epidermidis  

Staphylococcus aureus  

Micrococcus spp e 

Sarcina spp. 

Gaffkya spp. 

Streptococcus spp. 

Corynebacterium- 
Brevibacterium group 

Gram negat ive  rods  

Bac i l lu s  spp. 

Yeasts 

Molds 

A c  t inomyc e t e s 

TOTAL 

Command Instrument  
Module 103 Unit S-4B 
( I n t e r i o r )  ( I n t e r i o r )  ( I n t e r i o r )  
No. x NO % No. % 

204 13.1 

3 0.2 

1,087 69.6 

10  0.6 

47 3.0 

38 2.4  

139 9.0 

5 0.3 

17 1.1 

0 0.0 

10 0.6 

1 0.1 

1,561 100.0 

16 

1 

299 

5 

9 

14 

109 

6 

20 

2 

20 

6 

507 

3.2 

0.2 

58.9 

1.0 

1.8 

2.8 

21.5 

1.2 

3.9 

0.4 

,3.9 

1.2 

100 0 

4 0.8 

0 0.0 

317 61.9 

0 0.0 

15 2.9 

18 3.5 

114 22.3 

3 0.6 

15 2.9 

0 0.0 

23 4.5 

3 0.6 

512 100.0 



TABLE 5. LEVELS OF MICROBIAL CONTAMINATION DETECTED ON THE APOLLO 10 

COMMAND MODULE (CSM-106) , INSTRUMENT UNIT, SATURN S-4B, AND THE 

SPACECRAFT LUNAR MODULE ADAPTER (SLA). 

Microorganisms p e r  square f o o t  
Area . 

Date S amp led Aerobic Anaerobic 
Source Sampled (sq. in.) Aerobes Anaerobes spores  spores  

Command Module' 5-01-69 
(CSM- 106) 5-09-69 

5-16-69 

Instrument Unit' 5-01-69 
5-09-69 
5- 15-69 

5-01-69 
5-09-69 
5-15-69 

1 S-4B 

SLAl 5-01- 6 9 
5-11-69 
5- 14-69 

60 
60 
60 

60 
60 
60 

60 
60 
60 

60 
60 
60 

26,755 15,739 202 12 
20,866 12,254 187 25 
16,157 10,757 120 25 

8,309 1,613 2,563 230 
6,595 2,203 1,253 133 

29,779.  4,219 1,973 446 

6,926 936 2,520 40 3 
38,851 7,099 3,024 2 30 
16,891 2,002 3,643 331 

158 ' 0  1 2  . 0 
317 0 12 0 
173 72 12 48 

Samples were taken from the  i n t e r i o r  su r f aces  of t h e  spacec ra f t  located 
a t  Launch Complex 39B. 

Swab-rinse technique 



TABLE 6. LEVELS OF MICROBIAL CONTAMINATION DETECTED ON LUNAR MODULE 4 

(APOLLO 10) .  

Microorganisms per  square f o o t  

Aerobic Anaerobic 2 
Area 

Date Sampled 
Source Sampled' ' (sq. in.) Aerobes Anaerobes spores  spores  

Lunar Module 4 
( In t e r io r )  

Lunar Module 4 
As cent  Stage 

(Exter ior)  

Lunar Module 4 
Descent Stage 

(Exter ior  ) 

5-01-69 
5-11-69 
5-14-69 

5-01-69 
5-11-69 
5- 14-69 

5-01-69 
5-11-69 
5-14-69 

60 
60 
60 

60 
60 
60 

60 
60 
60 

211,378 195,307 
188,597 41,299 
141,970 78,120 

9,302 1,670 
878 187 

4,709 1,555 

34,459 27,187 

7,762 2,203 
5,472 4,392 

403 25 
360 25 
360 61 

158 36 
130 0 
173 25 

40 3 108 
418 55 
720 0 

Samples were taken from Lunar Module 4 while  i t  was loca ted  a t  Launch 
Complex 39B. 

Swab-rinse technique. 



TABLE 7, COMPARATIVE LEVELS OF AEROBIC BACTERIAL SPORES AND MOLDS DETECTED 

ON THE INTERIOR SURFACES OF THE APOLLO 10 COMMAND MODULE (CSM-'LOG), 

INSTRUMENT UNIT,  SATURN S-bB, AND SPACECRAFT LUNAR MODULE 

ADAPTER (SLA) . 

3 Percent  
Aerobic 2 

Area 
Samp 1 ed 

Source Sampled (sq. in . )  Bac te r i a l  Spores Molds 1 Date 

Command Module 5- 01- 69 
5-0 9- 6 9 
5- 16-69 

(CSM- 106) 

Ins  trument Unit 5-01-69 
5-09-69 
5-15-69 

S-4B 

SLA 

5-01-69 
5-09-69 I 

5- 15-69 

5-01-69 
5-11-69 
5- 14- 6 9 

60 
60 
60 

60 
60 
60 

60 
60 
60 

60 
60 
60 

0.75 
0.90 
0.74 

30.85 
19.00 

6.63 

36.38 
7.78 

21.57 

7.59 
3.79 
6.94 

0.05 
0.0 
0.0 

3.12 
9.39 
2.85 

3.33 
1.04 
3.67 

0.0 
4.54 
0.0 

Samples were taken from the i n t e r i o r  sur faces  of t he  spacec ra f t  while they 
were located a t  Launch Complex 39B. 

Swab-rinse technique. 

Percentage of t o t a l  aerobia  mesophilic microorganisms. 



TABLE 8, COMPARATIVE LEVELS OF AEROBIC BACTERIAL SPORES AND MOLDS DETECTED 

ON THE SURFACES OF THE LUNAR MODULE.4 ASCENT AND DESCENT STAGES. 

Source 

3 Area Percent  
Date Sampled2 Aerobic 

Sampled' (sq. in.) Bacterial Spores Molds 

Lunar Module 4 5-01-69 
( I n t e r i o r )  5-11-69 

5-14-69 

60 
60 
60 

Lunar Module 4 5-01-69 60 
Ascent Stage 5-11-69 60 

(Exterior) 5-14-69 60 

Lunar Module 4 5-01-69 60 
Descent Stage 5- 11-69 60 

(Exterior) 5-14-69 60 

0.19 
0.19 
0.25 

0.0 
0.02 
0.0 

1.70 0.31 

3.67 0.61 
14.81 0.0 

1.17 0.17 
7.64 2.37 
9.28 2.41 

Samples were taken while  the Lunar Module was loca ted  a t  Launch Complex 39B. 

. 2  Swab-rinse technique. 

Percentage of t o t a l  ae rob ic  mesophilic microorganisms. 



TABLE 9. LEVELS OF MICROBIAL CONTAMINATION DETECTED ON LUNAR MODULE 5 

(APOLM 11) e 

Area Microorganisms per  square f o o t  
Date Sampled' Aerobic Anaerobic 

Source Sampled (sq. in.) Aerobes Anaerobes spo res  spores  

Lunar Module 5 2-27-6g2 
Ascent Stage 4-04-6g2 

5 - 12- 6 9; 
5- 26- 6 g4 
6-18-69 

( I n t e r i o r )  

Lunar Module 5 2-27-6g2 
3 Ascent Stage 4-18-6g3 

5 - 06 - 6 g4 
5- 2 6- 6g4 
6-18-69 

( I n t e r i o r )  

2 Lunar Module 5 4-18-69 
Descent Stage 5-06-69; ' 

(Exterior) - 5- 26-69; 
6-38-69 

6 0  
45 
60 
60 
60 

60 
60 
60 
60 
6 0  

6 0  
60 
6 0  
60 

47,866 
235,987 
125,510 

75,758 
103,234 

4,637 
1,282 
4,464 
4,939 
1,253 

52,504 
9,533 
1, 116 
3,427 

\ 

12,643 
74,419 
63,274 
22,363 
5 4  346 

1,152 
302 

3,355 
878 
3 3 1  

23,947 
5,083 
1,699 
3,282 

4 8  25 
108 55 
317 36 
230 12 
302 7 2  

48  1 2  
144 216 

6 1  25 
36 0 

120 25 

3 74  84  
144 0 

61, 36 
$33 25 

Swab-rinse technique, 

Samples were taken while  t h e  modules were loca ted  i n  the Manned Spacec ra f t  
Operations Buildings 

Samples were taken while  t h e  modules were loca ted  i n  t h e  Vehicle Assembly 
Building . 
Samples were taken while  t he  modules were loca ted  a t  Launch Complex 39A. 



TABLE 10.  LEVELS OF MICROBIAL CONTAMINATION DETECTED ON LUNAR MODULE 6 

(APOLLO 12). 

. Microorganisms pe r  square f o o t  
Area 

Date Sampled2 . Aerobic Anaerobic 
Source Sampled' (sa. in.) Aerobes Anaerobes spores  spo res  

Lunar Module 6 
Ascent Stage 4-22-69 60  6,595 3,600 173 0 

( I n t e r i o r )  6-19-69 60 96,898 48,082 691 6 1  

Lunar Module 6 4-22-69 60 2 , 966 2 74 72 12 
Ascent Stage 5-22-69 60 9 $734 ' 8,611 84 97 

(Exter ior)  6- 19-69 60 10 944 5,126 120 36 

Lunar Module 6 4-22-69 60 4 , 954 1,498 158 25 
Descent Stage 5-22-69 60  22,363 9,115 274 245 

(Exter ior)  6-19-69 60 50,760 29,088 403 72  

Samples were taken while t h e  modules were loca ted  i n  the  Manned Spacec ra f t  
Opera t i o n s  Building, 

Swab-rinse technique, 



VALueS IN MINUTES (FN-MPN DATA) '12% 

FIGURE 1. FREQUENCY DISTRIBUTION OF D125C VALUES FOR 103 SPORE ISOLATES 

FBON. MABINEB 6 9 .  
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BIGURE 2. SURVIVAL CURVES BASED ON A FREQUENCY OF D125C VA'LUES FOR 103 

SPORE ISOLATES FROM MARINER 69, 


